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Abstract; Based on mass balance theory and IsoSource program, stable carbon and nitrogen isotopic ratios revealed 
that small mammals (plateau pika, root vole and plateau zokor) contributed 26.8% and 27.0% and 29.2% to alpine 
weasel, steppe polecat and upland buzzard of carnivores as food respectively; adult passerine birds contributed 22.3% , 
417.7% and 69.1%, with hatchlings contributing 50.9% , 25.6% and 1.70% to each respectively. 8!3C values plotted 
against SI5N indicated significant partitioning in two-dimensional space among the three carnivores. It was reasonable to 
propose a food resource partitioning among alpine weasel, steppe polecat and upland buzzard, which partially revealed 
their co-existence mechanisms . 
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摘要 : 通过 对 高 寒 草 务 生态 系统 内 香山、 艾 虎 和 大 殴 3 种 食肉 类 稳定 性 碳 和 氮 同 位 素 比 值 (33C 和 8!5N) 
的 测定 ， 依 据 同位 素 的 质量 平衡 原理 和 IsoSource 软件 计算 得 到 : MAKES. CRAKEAR PHA 
比例 分 别 为 26.8%、27.0% 和 29.2%; 省 形 目 成 鸟 的 分 配 比 例 为 22.3%、47.7% 和 69.1%; 省 形 目 幼 鸟 为 
50.9%、25.6% 和 1.70%。3 种 食肉 类 的 稳定 性 碳 和 氮 同 位 素 分 布 模式 在 二 维 空 间 上 存在 明显 分 割 ， 由 此 说 明 ， 
香山 、 艾 虎 和 大 黎 之 间 存 在 明显 的 食物 资源 分 割 现象 ， 同 时 也 反映 了 三 者 在 高 寒 草 旬 生 态 系统 内 共存 的 基础 。 
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Ecological community is a unity, in which differ- 
ent species coexist and interact. An old and funda- 
mental question of ecology asks how so many species 
coexist. Species coexistence mechanism provides the 
basis for understanding community organization and 
species diversity. Understanding the mechanisms of 
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coexistence of species within local assemblages is one 
of the major issues addressed by community ecologists 
(Ricklefs, 1990). Despite a great deal of progress in 
the study of species coexistence over the past century, 
few studies have experimentally tested multiple compet- 
ing hypotheses within single 


ecological system 
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(Palmer, 2001; Yu et al, 2001). It has been docu- 
mented that food resource partitioning served as one of 
basic mechanisms for species coexistence. Alpine 
weasel ( Mustela altaica), steppe polecat ( Mustela ev- 
ersmanni) and upland buzzard ( Buteo hemilasius ) are 
three dominant carnivores and coexist in the alpine 
meadow. Their food resources are reported mainly fo- 
cused on small mammals and passerine birds (Yi etal, 
2004). To understand their detailed diet information 
and food resource overlap, traditional methods, in- 
cluding direct observation of feeding insects, gut con- 
tent analysis, antigen-antibody reaction measurement, 
and radioisotope or biological pigment tracer (Hobbs, 
1987; Hirayama, 1989; Hobson et al, 1999; John- 
ny et al, 1999), might not be typical of the overall 
diet. On the contrary, stable isotope analysis looks at 
the diet over a longer period of time and therefore re- 
flects the long-term feeding behavior of animals (Peter- 
son & Fry, 1987; Li et al, 2004) and provides infor- 
mation about the average diet of individuals (DeNiro & 
Epstein, 1978). The stable isotope approach is based 
on the fact that naturally occurring stable isotope ratios 
in consumer tissues can be related to those in 
consumers’ diets (DeNiro & Epstein, 1978, 1981). 
In this study, stable carbon and nitrogen isotopic ratios 
of alpine weasel, steppe polecat and upland buzzard as 
well as their potential food resources were measured to 
test their food resource partitioning and evaluate coexis- 


tence mechanism. 


1 Materials and Methods 


1.1 Study area 

The study was carried out at the Haibei Alpine 
Meadow Ecosystem Research Station (HAMERS ) of 
the Chinese Academe of Sciences (CAS), which was 
established in 1976 in order to understand the structure 
and function of alpine meadow ecosystem, form and 
development of biodiversity, the adaptive and evolu- 
tionary strategies of species, and the impact of global 
changes on grassland ecosystem. The HAMERS is lo- 
cated in the region of the Qinghai-Tibet Plateau, in a 
large valley oriented NW-SE surrounded on all sides by 
the Qilian Mountains with a range of 37°29’ — 37°45'N 
and 101° 12’ - 101°33’ E. The average altitude of 
mountain area is 4 000 m above sea level and 3 200 m 
for the valley area. The climate of the HAMERS is 
dominated by the southeast monsoon and the higher- 


pressure system of Siberia. It has a continental mon- 


soon type climate, with severe and long winters and 
short cool summers. The average air temperature is — 
1.7 © with extreme maximum of 27.6 C and mini- 
mum -37.1 C. During winter months, the average 
temperature drops to - 15 C and - 20 © in highland 
area; during summer, the temperature in the warmest 
month (July) averages 14-22 ®© in the valleys and 4 
-10 © in the mountains. Average annual precipita- 
tion ranges from 426 to 860 mm, 80% of which falls 
in the short summer growing season from May to 
September. The annual average sunlight is 2 462.7 h 
with 60.1% of total available sunshine. Vegetation 
was characterized by alpine shrub, alpine meadow, 
and swamp meadow. The research site was roughly 
confined in alpine meadow, with Kobresia humilis as 
dominant species and Polygonum viviparum , Carex a- 
trofusca, Saussurea superba, Elymus nutans, and 
Gentiana straminea as sub-dominant species. Potential 
food resources for alpine weasel, steppe polecat and u- 
pland buzzard are small mammals [plateau pika ( 0- 
chotona curzoniae ), root vole ( Microtus oecnomus ), 
and plateau zokor ( Myospalax fontanierii )] and 
passerine birds ( Acanthis flavirostris, Alauda gulgu- 
la, Anthus roseatus, Eremophila alpestris, Leucos- 
ticte brandti, Melanocorypha maxima , Motacilla al- 
ba, Motacilla citreola, Passer montanus, Phoenicu- 
rus ochruros, Prunellidae rubeculoides, Pseu- 
dopodoces humilis, and Urocynchramus pylzowi ) . 
1.2 Analyses of stable carbon and nitrogen iso- 
topes 

Pectoral muscles for upland buzzards and passer- 
ine birds and back leg muscles (tissues contained lower 
content of lipids were collected to ensure minimal vari- 
ations in stable isotopic values in different species, as 
explained by Ben-David et al, 1997a, b) for alpine 
weasel, steppe polecat and small mammals were col- 
lected from April to July 2002. Muscle samples were 
air-dried indoors to constant mass in an oven at 70 C 
for 48 h, ground finely, and dispatch to Finnigan 
MAT DELTAILUS XL spectrometer (Finnegan Mat, 
Bermen, Germany) fitted with double inlet and collec- 
tor systems under EAMS (element-analysis meter and 
spectrometer ) condition. Interface between element- 
analysis meter and spectrometer was ConFlow 四. Op- 
eration condition: oxidizing furnace temperature was 
900 C, reducing furnace was 680 C, pillar tempera- 
ture was 40 C. The results were expressed in 5!°C 
and 5'°N relative to the standards in the conventional 6 
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per mil notation as follows: 
313C = [ (C/C) sample” ( 130/20) andad = 1] 
x 1 000 


SHN = [(5N/ N) sample (N/N )standard — 1] 
x 1 000 

where (N/N) sample and (1°N/"4N ) standard refer to the 
isotopic ratios of sample and standard (atmospheric ni- 
trogen ) respectively ; °C /!? C )sample and (SC/ 
12 C).tandard indicate the isotopic ratios of sample and 
PDB (Peedee Belemnite formation from South Caroli- 
na, USA.) standard respectively. The overall (sam- 
ple preparation plus analysis) analytical precision is + 
0.2%. 
1.3 Determination of percentages of resources 

Calculation of this procedure was based on 
IsoSource program introduced by Phillips & Gregg 
(2003). IsoSource is a program written in Microsoft 
Visual Basic® for Windows® operating systems by 
Robert Gibson (Computer Sciences Corp.) to perform 
the stable isotope mixing model calculations. This pro- 
cedure is designed to use isotopic signatures (ratios) to 
determine the range of feasible source contributions to a 
mixture when there are too many sources to allow a u- 
nique solution. All possible combinations of each 
source contribution (0 - 100% ) are examined in small 
increments (e.g., 1%). Combinations that sum to 
the observed mixture isotopic signatures within a small 
tolerance (e.g., +0.1) are considered to be feasible 
solutions, from which the frequency and range of po- 
tential source contributions can be determined. 
IsoSource allows the use of up to 5 isotope signatures 
(e.g. ,13C ,208Pby27Pb etc.) and up to 10 sources. 
The input data (stable isotopic values should be cor- 
rected to offset trophic level enrichment, see below) 
may be saved [File/Save] in a file that can be re- 
opened [File/Open ] for future use (.DAT file name 
suffix). The [Calc] function starts the program, cre- 
ating all possible combinations of the sources which 
sum to 100%, using the specified increment. Combi- 
nations which give predicted mixture isotopic signatures 
within the specified tolerance of the observed mixture 
signatures are identified as feasible solutions, and are 
stored in a raw data output file (.OUT file name suf- 
fix). In addition, summary histogram and descriptive 
statistics, such as n, mean, minimum, maximum, 
1% ile, 50% ile, 99% ile (reliability), and stan- 
dard deviation, are stored in a summary output file 


(.TOT file name suffix). Both files may be viewed 
with the [View] function. Using the [ Graph ] func- 
tion, the histograms for each source can be graphed for 
display on screen and for printing. For further infor- 
mation, please visit the website www.epa.gov/wed/ 
pages/models . htm 
1.4 Data analyses 

Food resource overlap index was calculated based 
on Schoener (1968) as followed: 


FO1 = 1-5 |Pa- Pr| 


where P,, and Py, represent the percentages that 
species x and y utilize on food resource z respectively; 
FOI, indicates food resource overlap index between 
species x and y, which ranges from 0 - 1.0 refers to 
complete partition and 1 indicates complete overlap. 

All the data were analyzed using SPSS (Statistical 
Package for Social Scientists) for windows 11.0. Sta- 
ble carbon and nitrogen isotope ratios were determined 
whether there were significant differences between food 
resources by Nonparametric independent samples Kol- 
mogorov-Smimoy test. All tests were two-tailed. Sta- 
tistical results were regarded as significant at the P < 
0.05 or 0.01 level. 


2 Results and Analyses 


2.1 Stable carbon and nitrogen isotopic patterns of 
alpine weasel, steppe polecat and upland buz- 
zard as well as their potential food resources 
Stable carbon isotope ratios of alpine weasel (n = 
4), steppe polecat (n = 4) and upland buzzard (n = 
2) were ( -24.26 +0.11)%0, (-—23.90+0.18)%e 
and ( - 22.80 + 0.69)%c, while stable nitrogen iso- 
topic ratios reached (7.86 +0.18)%0, (8.09+0.11) 
%o and (7.53 + 0.08 )%o respectively. Significant 
variations in stable isotope ratios of adult passerine 
birds (n = 45) and their hatchlings (n = 23), and 
ranged from - 26.25% to - 22.51%0 and - 26.83% 
to — 24.26%o for stable carbon isotope. For stable ni- 
trogen isotope, ranges of 5.32%0 to 8.82%c and 
3.53%0 to 7.82%c were observed. Significant differ- 
ences in stable carbon (Kolmogoroy-Smimov test, Z 
= 2.122, P = 0.000) but not in nitrogen isotopes 
(Kolmogorov-Smimov test, Z = 1.209, P = 0.109) 
between adult passerine birds and their hatchlings pro- 
vided the basis for sorting them as two different food re- 
sources . 
2.2 Contribution of food resources to their preda- 
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tors 
As seen from Figure 1, 2 and 3, small mammals 
(plateau pika, root vole and plateau zokor) contribut- 
ed 26.8% and 27.0% and 29.2% to alpine weasel, 
steppe polecat and upland buzzard as food respective- 
ly; adult passerine birds contributed 22.3% , 47.7% 


and 69.1%, with hatchlings contributing 50.9%, 
25.6% and 1.70% to each respectively. Overlap in- 
dexes were 0.7455, 0.5080 and 0.7652 between 
alpine weasel and steppe polecat, alpine weasel and u- 
pland buzzard, steppe polecat and upland buzzard re- 
spectively (Tab. 1). 
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Fig. 1 Distribution of the three types of food resources in diets of alpine weasel 
Data above columns indicate percentages of correspondent food resources; the same below. 
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Fig. 2 Distribution of the three types of food resources in diets of steppe polecat 


Tab. 1 Overlap index of food resources of alpine weasel, steppe polecat and upland buzzard 
一 一 一 一 





Carnivorous species Alpine weasel Steppe polecat Upland buzzard 
Alpine weasel = 0.7455 0.5080 
Steppe polecat 0.7455 _ 0, 7652 
Upland buzzard 0.5080 0.7652 = 
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Fig. 3 Distribution of the three types of food resources in diets of upland buzzard 











10 
SD of stable 
carbon isotopes 
— 
8 a 
2 : 
= 2 3 
a ‘38 
x Hatchlings a £ 
SF 小 人 
to Alpine 
weasel 心 el 
ae buzzard 
4 









-25 -23 


5” C (%o) 


Fig. 4 C plotted against 5'°N of the three carnivores and their food resources 
after correction of trophic level enrichment 


3 Discussion 


Ecological differences between species that lead to 
niche partitioning can occur in three basic ways. First, 
different species may specialize on distinct resources 
(classical resource partitioning; MacArthur & Levins, 
1967; Tilman, 1982). Second, different species may 
be limited by the same resources or natural enemies, 
but differ in terms of when they exploit the resource or 


respond to natural enemies (temporal niche partition- 
ing; Chesson, 1985, 2000a, b ). Third, species 
could differ in terms of where they experience, and re- 
spond to, limiting factors (spatial niche partitioning; 
May & Hassell, 1981; Chesson, 2000a, b). Thus, 
a useful definition of a species-niche space is that it 
consists of four major axes: resources, natural ene- 
mies, space and time. Resource partitioning has been 
believed to be an important mechanism allowing coexis- 
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tence of closely trophic related species. In this study, 
classical resource partitioning of alpine weasel, steppe 
polecat and upland buzzard was discussed. Despite 
higher overlap indexes (0.7455, 0.5080 and 0.7652) 
(Tab. 1), significant food resource partitioning was 
observed among alpine weasel, pelarot and upland buz- 
zard. For upland buzzard and pelarot, adult passerine 
birds served the dominant role as their nutrition supply; 
however, alpine weasel mainly depended on hatchlings 
of passerine birds. In this alpine meadow ecosystem, 
enrichment factors for 5'°C of (1.05+0.45) %o and 
SIN of (2.45 + 0.41)%o were observed (calculated 
through 3 rodent species and 2 ruminant species and 
their known isotopic diets or stomach contents ( Yi, 
2004). To elucidate this food resource partitioning pat- 
tern, òC values were plotted against 5!°N of alpine 
weasel, pelarot and upland buzzard as well as their po- 
tential food resources after correction of trophic level 
enrichment (84°C and N values of upland buzzard, 
pelarot and alpine weasel were decreased by 1.05%o 
and 2.45%o respectively to offset the effect of trophic 
level enrichment) (Fig. 4). I connected positive and 
negative standard deviations of stable carbon and nitro- 
gen isotope ratios (as indicated in the section of 2. 1 
and Fig. 4) to form potential maximal distribution 
squares for the three food resources. Every two squares 
were connected to generate three maximal overlapped 
domains (Fig. 4) and to locate distribution patterns of 
alpine weasel, pelarot and upland buzzard (following 
Peterson & Fry, 1987). Pelarot was enclosed in the 
domains constituted by adult passerine birds and small 
mammals as well as adult passerine birds and hatch- 
lings, however, almost fell out of the domain of small 
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2005 年 《动物 学 研究 》 封 面 “ 原 鸡 ” 简 介 


原 鸡 (Gallus gallus, Red Jungle Fowl) 俗名 野鸡 、 红 原 鸡 、 茶 花 鸡 ， 鸡 形 目 (Galliformes) 原 鸡 属 
(Gallus )， 属 国家 开 级 重点 保护 乌 类 。 一 般 体 形 与 家 鸡 十 分 相似 ， 但 稍 小 些 ， 全 长 约 700 mm, HEAT 
具 红 色 锅 齿 缘 肉 冠 ， 上 体 大 都 红色 和 亮 橙 红色 ; 尾羽 黑色 ， 中 央 两 枚 尾羽 较 长 而 向 下 弯曲 ; FARE. ME 
性 上 体 大 都 黑 宰 色 ， 上 背 黄 而 满 布 黑色 纵 纹 ; 后 颈 和 颈 侧 羽 缘 金黄 色 ， 胸 棕色 ; 腹 浅 棕 色 。 

栖息 于 海拔 2 000 m 以 下 的 热带 、 南 亚热带 森林 及 灌 丛 地 带 ， 凡 有 植被 可 供 隐蔽 和 更 食 的 地 方 均 有 分 
布 ， 常 结 群 活动 。 以 植物 性 食物 为 主 ， 也 取 食 昆虫 等 小 型 无 消 椎 动物 。2 月 开始 繁殖 ， 集 多 营 在 树 根 旁 的 
HEE MERU “REAR”, KAAR “REW”. 

分 布 于 云南 和 广西 的 南部 及 海南 岛 ， 为 留 鸟 。 在 国外 ， 见 于 中 南 半 岛 ， 西 至 印度 东部 和 北部 ， 南 抵 印 


度 尼 西 亚 的 苏门答腊 岛 。 
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